
∑

h

∫

dζ ζ
∫

d2P h⊥

{

∆T M̂⊥ +
mN

mh

k⊥ · P h⊥

k2
⊥

∆T M̂h

}

= −(1 − xB) h⊥
1 (xB, k2

⊥) (46)

∑

h

∫

dζ ζ
∫

d2P h⊥

{

∆T M̂⊥⊥
T +

m2
N

m2
h

2(k⊥ · P h⊥)2 − k2
⊥P 2

h⊥

(k2
⊥)2

∆T M̂hh
T

}

(47)

= (1 − xB) h⊥
1T (xB, k2

⊥)
∑

h

∫

dζ ζ
∫

d2P h⊥

{

∆T M̂T +
k2
⊥

2m2
N

∆T M̂⊥⊥
T +

P 2
h⊥

2m2
h

∆T M̂hh
T

}

= (1 − xB) h1(xB, k2
⊥) . (48)

These are the momentum sum rules satisfied by the unintegrated fracture functions. They might be
useful for constraining and guiding simple models of fracture functions.

5 Cross sections and angular distributions

Contracting the hadronic tensor, Eqs. (23, 24), with the symmetric and antisymmetric part of the
leptonic tensor, Eqs. (13, 14), and using Eq. (25), yields

Lµν
(s)W

(s)
µν =

8Q2

y2

(

1 − y +
y2

2

)

ζ
∑

a

e2
a

∫

d2k⊥ M[γ−] (49)

Lµν
(a)W

(a)
µν = λl

8Q2

y2
y

(

1 −
y

2

)

ζ
∑

a

e2
a

∫

d2k⊥M[γ−γ5] . (50)

We focus on three processes:

1. lepto-production of a spinless hadron, l + N → l′ + h + X;

2. lepto-production of a spinless hadron plus a quark jet, l + N → l′ + h + jet + X;

3. lepto-production of a polarized hadron, l + N → l′ + h↑ + X (integrated over all transverse
momenta).

5.1 Lepto-production of a spinless hadron

Consider the lepto-production of an unpolarized or spinless hadron (for instance, pion lepto-production,
which is the most common process). Inserting Eqs. (30, 33) into Eqs. (49, 50), and using Eq. (10),
one finds that the cross section for this process is

dσTFR

dxB dy dζ d2P h⊥ dφS

=
2α2

em

Q2y

{(

1 − y +
y2

2

)

×
∑

a

e2
a

[

M(xB , ζ, P 2
h⊥) − |S⊥|

|P h⊥|
mh

Mh
T (xB, ζ, P 2

h⊥) sin(φh − φS)

]

+ λl y
(

1 −
y

2

)

∑

a

e2
a

[

S‖ ∆ML(xB, ζ, P 2
h⊥)

+ |S⊥|
|P h⊥|
mh

∆Mh
T (xB, ζ, P 2

h⊥) cos(φh − φS)

]}

. (51)
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